Introduction
Smart city and smart home concepts have become increasingly popular, especially in the last decade. Many people have positive notions of living in a smart city or smart home, but not too many users can really define what these concepts mean. One of the reasons lies in the fact that smart city and smart home concepts are very broad and include elements from different domains of science and innovation. Together with the upcoming era of big data and changes in the assessment and evaluation of our built environment, we may find ourselves with a seemingly endless source of data describing our surroundings. The question arises if all these data could be turned on into information and knowledge (which leads to making the right decision) so that we know how to design and develop our cities and dwellings in the future? Or would it be the other way around, meaning that excessive amounts of data, and the redundancy thereof, make the whole concept of smart home and smart cities less clear for people to understand? One of the possibilities that are available for practice is the use of so-called decision support systems (DSSs), which can help users to manage all elements included in a given analysis and predict potential effects of actions of decision makers, in order to avoid unfavourable scenarios of future development.
DSSs
DSSs have been in use since the mid-1960s and were first described by Morton in the early 1970s.
1 DSSs are computer-based systems designed for managers to help them to choose one of several options, by analysing large amounts of data in a relatively short period of time. They provide the structure which arranges such elements as models, participants, procedures, software, databases, communication and equipment. DSSs are applicable for unstructured or semi-structured problems, and they enable decision makers to compare results by increasing their readability. 1 Those of DSSs which refer directly to geospatial features are called spatial decision support systems (SDSSs). In case of the built environment, SDSSs are especially useful to help planners and architects to assess different concepts of the urban design of a city structure or single elements. SDSSs combine the ability to store, search and retrieve data based on geographic information systems with models and algorithms to optimise decisions regarding spatial issues. 1 There are three basic rules that have to be taken into account when using the DSS for the design and planning of the indoor and built environment. The first and basic requirement is the ability to quantify analysed features. This step is particularly crucial while thinking about multi-criteria analyses. Without expressing variables in a numerical form, the assessment cannot be carried out by the DSS, as there are no benchmarks that allow a comparison of analysed scenarios. In case of multi-criteria analyses, it might be relevant to consider the possibility of expressing all calculated metrics in one denominator. It would allow to avoid subjective judgements, which are biased by preferences of users.
The second factor is the finity or infinity of potential results of an assessment. In both cases the model is different. A finite list of potential solutions gives the user a ranking that compares different scenarios with one another. It prejudges which solution is the most optimal. In the case of an open list of solutions, this is an iterative procedure, and the applied model can test new solutions all the time. It does so without providing a guarantee that it found the most optimal answer to the question or assignment. Such models are usually applied to verify much larger numbers of potential solutions and enable users to compare more elements.
The third element that should be defined while using DSS is the uncertainty level. The user should divide all factors into those which can and cannot change or be changed over time. Some elements of analyses are based on fixed values, while some of them may change in the future due to a plethora of reasons. For instance, while assessing a road development plan, its future implementation would not influence the length of the infrastructure that has to be built. However, changes in material type or labour costs within a certain time frame may change the preliminary valuation of the plan. In case of thermal comfort as part of an indoor environment assessment, the window-wall ratio would probably stay stable while a building is developed, but thermal demands of users may change over time when a building is occupied and an interaction of behaviours of various users can be observed.
DSSs for urban development
Although DSSs are a powerful tool, they remain 'a tool'. The versatility of their use is really wide and is limited by the imagination of the user rather than by technological barriers. Recently, DSSs were found to be useful both for the design of buildings and their interior, as well as urban and land use planning. Regardless of the spatial scale of use, DSS allows for the optimisation of the decision-making process, taking into account various factors and minimising potential design failures. In this way, DSSs allow for a sustainable management of the urban development process.
The design of buildings and their interior
At the scale of buildings or separate rooms, the use of DSS can help decision makers to understand the performance of any analysed objects in terms of various aspects, for instance, air quality, comfort, energy use or cost savings. These systems can effectively combine grey box models with real-time data.
2 DSSs can help to balance the indoor air quality and energy consumption by optimising conditions in large-scale interiors, like lecture theatres, where the distribution of the air with different properties is not equal. An array of sensors can monitor the air's condition in order to support the operation of heating, ventilation and air-conditioning systems, to guarantee optimal conditions for users, as well as help reduce costs for the conditioning of air. 3 In addition, air quality and thermal conditions can be used as a measure to compare different scenarios of retrofitting projects in the case of interior design assignments. Recent studies show the possibility of incorporating augmented reality into DSS in order to assess the variety in indoor greening scenarios. 4 A comparison of different scenarios is also used for retrofitting projects of buildings as a whole. By selecting various types of fac¸ade technologies or windows it is possible to assess the probable energy use or CO 2 emissions within a given time frame in order to better describe the future impact of the final retrofitted building. 5 DSS can support building owners in setting goals when engaging in renovation projects, providing a flexible framework to enter renovation criteria and to weigh these criteria against each other. Calculating the comprehensive metrics like the renovation value factor for each property within the building portfolio allows building owners to indicate the best renovation value for money. 6 
Urban and land use planning
Similar results of using DSS can be observed at the wider scale. For instance, at the urban scale more aspects have been a focus of investigation in recent years. This number of urban issues is partly connected with different kinds of functions and activities that can be encountered at the city level. Socio-economic drivers influence the use of the built environment and depending on these drivers the same urban structure can be used differently. Moreover, as the built environment also includes elements which are open and exposed to environmental conditions, the connection between manmade elements and natural forces also plays a significant role. Some aspects of the built environment can be observed at the local level of single neighbourhood. Examples of decision making at the neighbourhood level could be the answer to the question on where to locate bus stops in order to maximise the number of people living within an acceptable distance to public transport infrastructures 7 or on which roofs solar panels should be located in order to maximise benefits of renewable energy investments. 8 The local management question could be linked not only to artificial elements but also to green areas. For instance, which location is the most suitable to locate green infrastructure solutions in order to deal with the problem of rainwater gathering? 9 Some issues have to be solved at the scale of the whole city, like urban traffic management. This is especially the case when it concerns atypical events, for instance, unloading traffic after mass events, evacuation situations, temporary closings of sections of a road 10 or when analysing multifactorial social phenomena like social vulnerability to floods depending on the age and wealth of residents in a given neighbourhood. 11 Finally, some issues relate to the supra-local level, such as the optimisation of an energy installation location in the suburban zones of a city 1 or the impact of urban design patterns on the exposure to serious environmental stressors as the urban heat island effect. 12 It is important to highlight that all aforementioned examples deal with the calculation of the analysed problem itself, and on top, also with the visualisation of these problems. This allows decision makers to understand the investigated phenomena better, being supported in a visual manner. These studies present the options of using existing software packages in order to construct one's own decision support model, 1, 7 develop new indicators 12 or conceptual models 8 that can be incorporated into DSS; contain original codes enabling a more effective data processing; 9 and propose interactive dashboards that combine geospatial information with indicator-based analyses in order to obtain a more holistic view of the problem. 10 
The future of DSSs in urban development
So, what should the future role of DSSs in urban development be like? We do not really think that developing new tools without properly introducing them to city planners, architects, designers and engineers is a right way to stimulate their implementation. In 2012 the Sunshine Coast Daily published an opinion piece, titled 'Smart phones, dumb users', 13 which described how the use of new information technology solutions can lead to certain risks for people such as being struck by a car while texting when walking. Therefore, it is important to critically assess the implementation of new technologies in order to overcome mishaps. Similarly, decision makers in the domains of urban planning and design cannot rely only on the result of the calculation of decision support models. The DSS should be used for data processing, with the supervision of the user (viz. selecting proper data sets and organising the data analysis process), and the preparation of the information in a clear and understandable form for the user. Decision makers are responsible for receiving the information, and based on it, understand the analysed issue (knowledge) and make a final decision (wisdom) (Figure 1) .
People give up a discussion about outcomes too easily and agree to the so-called output of an optimal scenario. They are simply not critical of outcomes generated by a computer, even in a worst-case scenario when 'rubbish in' means 'rubbish out'. Even though DSSs are powerful tools and enable complex data analysis that is impossible to conduct by people due to our limited cognitive capabilities, these tools remain a source of support only. The final decision will have to be made by people themselves.
However, the use and proliferation of DSSs seem to be rather inevitable in the light of the upcoming era of big data. The analyses of data coming from sensorbased networks in buildings and sensors placed in the urban environment simply force us to use technological solutions supporting decision-making processes. These data are supplemented by other sources of data, including commercially available mobile telephone data collected by telecommunication companies. If we want to make a further step, which could boost our development and use data which were unavailable before, we as a community have to become more familiar with DSS. It will give us a unique opportunity to create tailor-made smart(er) cities and smart(er) homes through a better understanding of local conditions and applying results of multivariable data analyses for a sustainable management of local communities.
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